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FOREWORD 
Many of t o d a y ' s  most s i g n i f i c a n t  socioeconomic problems, 
such a s  slower economic growth, t h e  d e c l i n e  of some e s t a b l i s h e d  
i n d u s t r i e s ,  and s h i f t s  i n  p a t t e r n s  of  f o r e i g n  t r a d e ,  a r e  i n t e r -  
o r  t r a n s n a t i o n a l  i n  n a t u r e .  But t h e s e  problems man i f e s t  them- 
s e l v e s  i n  a v z r i e t y  of ways; both t h e  i n t e n s i t i e s  and t h e  per-  
c e p t i o n s  of t h e  problems d i f f e r  from one count ry  t o  ano the r ,  s o  
t h a t  i n t e r c o u n t r y  comparative ana lyses  of  r e c e n t  h i s t o r i c a l  
developments a r e  necessary.  Through t h e s e  ana lyses  we a t tempt  
t o  i d e n t i f y  t h e  under ly ing  processes  of  economic s t r u c t u r a l  
change and formulate  u s e f u l  hypotheses concerning f u t u r e  de- 
velopments. The unders tanding of t hese  p roces ses  and f u t u r e  
p rospec t s  provided t h e  focus  f o r  I I A S A ' s  p r o j e c t  on Comparative 
Analys i s  of Economic S t r u c t u r e  and Growth. 
Our r e s e a r c h  c o n c e n t r a t e s  p r imar i ly  on t h e  e m p i r i c a l  
a n a l y s i s  of i n t e r r e g i o n a l  and in t e r t empora l  economic s t r u c t u r a l  
change, on t h e  sou rces  of  and c o n s t r a i n t s  on economic growth, 
on problems of a d a p t a t i o n  t o  sudden changes,  and e s p e c i a l l y  on 
problems a r i s i n g  from changing p a t t e r n s  of  i n t e r n a t i o n a l  t r a d e ,  
r e s o u r c e  a v a i l a b i l i t y ,  and technology.  I n  t h i s  paper  one of  
t h e  long-standing i n d u s t r i e s  and t h e  impact of i t s  t e chno log ica l  
changes on energy consumption a r e  considered.  Econometric 
a n a l y s i s  of cross-country  and t ime- se r i e s  d a t a  h e l p s  t o  r e v e a l  
t h e  impact which i s  widely d i scussed  i n  d e t a i l e d  eng inee r ing  
r e p o r t s .  
Ana to l i  Smyshlyaev 
BREAKING THE ENERGY COEFFICIENT: CROSS-COUNTRY 
ANALYSIS FOR THE CREMICAL INDUSTRY 
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A .  Smyshlyaev 
INTRODUCTION AND GENERAL CHARACTERISTICS 
The c h e m i c a l  s e c t o r  i s ,  on t h e  b a s i s  o f  i t s  s t r u c t u r e  
and deve lopmen t ,  a p a r t i c u l a r  case f n  the s t u d y  o f  ene rgy-  
i n t e n s i v e  a c t i v i t i e s .  T h i s  s e c t o r  i s  f a r  more complex t h a n  
any  o t h e r  l a r g e  e n e r g y  consumer s u c h  a s  i r o n  and s tee l ,  p u l p  
and p a p e r ,  o r  n o n f e r r o u s  m e t a l s ;  i n  these s e c t o r s  t h e r e  a r e  
a  few p r o d u c t s  which c a n  a l t e r n a t i v e l y  be produced  t h r o u g h  a 
l i m i t e d  number o f  p r o c e s s e s ;  i n  the c h e m i c a l  s e c t o r  o u t  o f  
a dozen raw m a t e r i a l s  up t o  100 .000  end p r o d u c t s  a r e  p roduced ,  
whose a p p l i c a t i o n s  can  be  found p r a c t i c a l l y  i n  e v e r y  a c t i v i t y .  
It i s  t h e r e f o r e  l m p o s s l b l e  t o  u n d e r t a k e  a  Rlnd o f  t e c h n i c a l  
s t u d y  o f  t h e  e n e r g y  consumpt2on o f  t h e  s e c t o r  as  a  whole ,  
e s p e c i a l l y  a s  chemkcal  p r o d u c t s  c a n  n o t  o n l y  b e  o b t a i n e d  by 
d i f f e r e . n t  p r o c e s s e s ,  b u t ,  o v e r a l l ,  t h r o u g h  d i f f e r e n t  ' r o u t e s ' ,  
i . e .  b y  u s i n g  d i f f e r e n t  raw materlals and  p r o c e s s e s .  
The r o l e  o f  e n e r g y  p r o d u c t s  f n  t h e  s e c t o r  i s  n o t  l i m i t e d  
t o  f u e l  p u r p o s e s :  e n e r g y  p r o d u c t s  ( o i l ,  g a s ,  and  c o a l )  s e r v e  
as f e e d s t o c k s  f o r  t h e  s e c t o r ;  o i l  and g a s  a r e  p a r t i c u l a r l y  
i m p o r t a n t  and  have n e a r l y  c o m p l e t e l y  e l i m i n a t e d  c o a l  f rom 
f e e d s t o c k s  t o  form t h e  b a s i s  o f  i n o r g a n i c  c h e m i c a l s .  For  t h e  
s e c t o r  as a  whole ,  f e e d s t o c k s  r e p r e s e n t  50% o f  t h e  t o t a l  
e n e r g y  consumed, and  f o r  p e t r o c h e m i c a l s  t h e  f i g u r e  r ises t o  
two t h i r d s * .  
The main d i f f e r e n c e s  between t h e  c h e m i c a l  i n d u s t r y  and 
o t h e r  e n e r g y - i n t e n s i v e  s e c t o r s  c o n c e r n  i n t e r n a t i o n a l  t r a d e ,  
r a t e s  o f  g rowth ,  and t h e  r a t i o n a l i z a t i o n  o f  t h e  a c t i v i t y .  
* F i g u r e s  g i v e n  i n  OECD [ 11 . 
Chemical p roducts  have an important  p lace  i n  world t r a d e  ( 1 2 %  
i n  1980*) un l ike  most of t h e  energy-intensive products ;  only 
m e t a l l i c  p roducts  a r e  comparable (8 .9% of world t r a d e ) ,  b u t  
generally exchanges of products  such a s  cement, pu lp  o r  paper 
a r e  l i m i t e d .  Likewise,  chemical a c t i v i t i e s  have always been 
f a s t  growers a s  shown i n  Table 1 (adapted from C E P I I  [ 2 1 ) .  
Table 1 .  Dif fe rences  i n  annual growth r a t e s  from manufac- 
t u r i n g  average growth (market economies) 
Chemicals 
Building 
m a t e r i a l s  
I ron  and 
s t e e l  -0.5 -0 .9  -1.3 
Manufacturing ( % )  6 . 6  5.2 2.5 
The r eces s ion  of t h e  1970s has h i t  t h e  chemical s e c t o r ,  
and i n  p a r t i c u l a r  i no rgan ic  chemicals,  which presen ted  t h e  
f a s t e s t  growing a c t i v i t y  i n s i d e  t h e  branch dur ing  t h e  1 9 6 0 s ,  
but  t h e  chemical s e c t o r  remains among t h e  lead ing  a c t i v i t i e s .  
F i n a l l y ,  t he  chemical s e c t o r  i s  d i s t i n g u i s h e d  by t h e  
presence of a c t i v i t i e s  wi th  a  high value-added c o n t e n t ,  which 
i s  i n  c o n t r a s t  t o  most of t he  energy-intensive s e c t o r s .  Basic 
chemicals have mostly a  low value-added conten t  ( t h e  value-  
added/gross ou tput  r a t i o  i s  about 2 9 %  t o  37% f o r  t h e  seven 
c o u n t r i e s  s t u d i e d * ) ,  b u t  f o r  t h e  ' o t h e r  chemical p roduc t s '  
(ISIC 352) a c t i v i t i e s  t h e  value-added share  i s  about 60%. 
This r e s u l t s  from t h e  he t e rogene i ty  of t h e  s e c t o r  which in-  
c ludes  b a s i c  a c t i v i t i e s  a s  w e l l  a s  very r e f i n e d  products .  I n  
comparison, t h e  value-added/gross ou tput  r a t i o  i s  about 30 t o  
4 0 %  f o r  i r o n  and s t e e l ,  nonferrous  me ta l s ,  o r  pu lp  and paper .  
The a n a l y s i s  o f t h e  s e c t o r ' s  energy demand cannot be 
c a r r i e d  o u t  i n  t h e  same way a s  t h a t  of o t h e r  s e c t o r s ,  such a s  
i r o n  and s t e e l .  There i s  no homogeneous r e p r e s e n t a t i v e  pro- 
duc t  t h a t  could be t h e  i n d i c a t o r  of a c t i v i t y  f o r  t h e  whole 
s e c t o r  ( l i k e  crude s t e e l  o r  paper o r  pulp)  and t h a t  could be 
t h e  denominator of t h e  energy c o e f f i c i e n t .  The s tudy of t h e  
indus t ry  from a  commodity p o i n t  of  view can only  be one s t e p  
i n  t h e  a n a l y s i s ;  an energy-output s tudy can only t ake  p l ace  
*Figures  i n  C E P I I  [ 2 1 .  
**France, FRG, I t a l y ,  Spain,  Sweden, U K ,  and t h e  USA. 
with  monetary o u t p u t ,  which excludes  simple ' t e c h n o l o g i c a l  
p r o g r e s s '  exp lana t ions  of t h e  decrease  of t h e  energy c o e f f i -  
c i e n t .  
The scope of  t h i s  paper i s  t h e r e f o r e  l i m i t e d .  I t  would 
be o u t  of ques t ion  t o  t r y  t o  sum up a l l  t he  consequences of 
t h e  c r i s i s  on such a  heterogeneous s e c t o r  wi thout  having a  
c l e a r  p i c t u r e  of  t he  s e c t o r  a s  a  whole a s  w e l l  a s  of i t s  
l i n k s  wi th  t h e  r e s t  of  t h e  economy. Since t h e  s u b j e c t  i s  
cen te red  on energy,  t h e  main problems r e l a t e d  t o  it w i l l  be 
evoked. Because of i t s  c h a r a c t e r i s t i c s ,  pe t rochemica ls  is  
t h e  s e c t o r  which i s  most concerned wi th  energy i s s u e s ,  de- 
pending heav i ly  on energy produc ts  f o r  i t s  s u p p l i e s  and having 
very ' energy- in tens ive '  products .  The c r i s i s  i s  expected t o  
encourage a  s h i f t  i n  t h e  world l o c a t i o n  of t h e  pe t rochemica l  
l n d u s t r y  away from i t s  t r a d i t i o n a l  c e n t e r s  (Europe, Japan ,  
USA) and t h e r e f o r e  t o  decrease  r e l a t i v e l y  the  r o l e  of  t he se  
c e n t e r s  i n  t he  world product ion of pet rochemicals .  On t h e  
o t h e r  hand, t h e  i n d u s t r i a l  c r i s i s  i t s e l f  d i s t u r b s  t h e  s t r u c -  
t u r e  of t h e  i n d u s t r y  and a f f e c t s  p a r t i c u l a r l y  t h e  product ion 
o f  b a s i c  chemicals comparat ively  t o  o t h e r  chemical  p roduc ts .  
These changes a r e  l i k e l y  t o  have consequences on t h e  l e v e l  of  
energy consumption of t h e  chemical  s e c t o r ,  and it has  been 
a t tempted t o  l i n k  t h e  l e v e l  of  energy consumption t o  t h e  pro- 
duc t ion  of t h e  most energy- in tens ive  primary produc ts .  
This  could c l a r i f y  i s s u e s  d i scussed  i n  t h e  U N I D O  r e p o r t  
"Analysis  of t h e  energy s e c t o r  i n  r e l a t i o n  t o  i n d u s t r i a l i z e d  
s c e n a r i o s  f o r  t h e  year  2 0 0 0 "  [ 3 1 ,  where the  consumption of  t h e  
s e c t o r  was analyzed through a  s e t  of  energy- in tens ive  commodi- 
t i e s ,  bu t  where a  decrease  of t h e  energy demand l i n k e d  t o  a  
r e l a t i v e  decrease  of t h e s e  commodities' product ion d i d  n o t  
c l e a r l y  appear.  
STRUCTURAL CHANGE I N  THE CHEMICAL SECTOR 
This  concerns p r i m a r i l y  t h e  petrochemical  s e c t o r ,  which 
was t h e  growth l e a d e r  of t h e  whole i n d u s t r y  and was hard  h i t  
by t h e  o i l  shocks. Inorganic  chemicals have a  sma l l e r  and de- 
c l i n i n g  share  i n  t h e  s e c t o r ,  and do not  have t h e  most energy- 
i n t e n s i v e  products .  
OECD made a  s p e c i f i c  s tudy  of t h e  s t r u c t u r a l  change i n  
petrochemicals  [ I ] ,  which sums up t h e  knowledge on t h e  s u b j e c t .  
A s  f a r  a s  t h e  s t r u c t u r e  of t h e  petrochemical  i n d u s t r y  i s  con- 
cerned ,  it i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  "backbone" of t h e  
s e c t o r  i s  t h e  e thy lene  cha in ;  more g e n e r a l l y ,  t h e  s tudy  focuses  
on cha ins  ob ta ined  from a  s e t  of a  few important  primary pe t ro -  
chemicals (propylene,  bu tad iene ,  benzene, and e t h y l e n e ,  t he  
fou r  b a s i c  petrochemical  p r o d u c t s ) ;  t h e  s tudy of  t h e s e  b a s i c  
p roduc ts  seems t o  c a t c h  most of  t he  important  f e a t u r e s  of  t h e  
i n d u s t r y .  
The feeds tock  s t r u c t u r e  i s  an important  element which 
d i f f e r e n t i a t e s  t he  USA from t h e  two o t h e r  t r a d i t i o n a l  c e n t e r s .  
I n  t h e  USA a n  i m p o r t a n t  s h a r e  o f  i t s  f e e d s t o c k s  and f u e l  re- 
q u i r e m e n t s  i s  m e t  by n a t u r a l  g a s  and i t s  c o n d e n s a t e s ;  i n  con- 
t r a s t ,  Europe and J a p a n  r e l y  on p e t r o l e u m  p r o d u c t s  f o r  more 
t h a n  90% o f  t h e i r  e n e r g y  p r o d u c t  needs .  T h i s  i s  i m p o r t a n t  
s i n c e  t h e  s h o c k s  a f f e c t e d  t h e s e  r e g i o n s  d i f f e r e n t l y :  n a p h t a  
p r i c e s  i n  Europe m u l t i p l i e d  by 14 between 1972 and 1981, where- 
a s  e t h a n e  p r i c e s  m u l t i p l i e d  by 8  i n  t h e  USA. Such d i f f e r e n c e s  
p l e a d  i n  f a v o r  of  t h e  i n c l u s i o n  o f  f e e d s t o c k s  i n  e n e r g y  u s e .  
T h i s  may n o t  be n e c e s s a r y  f o r  a n  a n a l y s i s  w i t h i n  one c o u n t r y ,  
a s  M . J .  Peck and J.J.  Begqs s t a t e  [41: "Energy embodied i n  
p r o d u c t s  h a s  a n  e n t i r e l y  d i f f e r e n t  set o f  s u b s t i t u t i o n  p o s s i -  
b i l i t i e s  t h a n  e n e r g y  used  a s  f u e l .  ( . . . )  The t r a d i t i o n a l  
i n c l u s i o n  o f  p e t r o l e u m  f e e d s t o c k s  i n  i n d u s t r i a l  e n e r g y  con- 
sumpt ion  i s  a r b i t r a r y .  A f t e r  a l l ,  t h e  e n e r g y  r e p r e s e n t e d  by 
lumber i s  never  c o u n t e d  a s  i n d u s t r i a l  e n e r g y  consumption.." 
It i s ,  however,  n e c e s s a r y  t o  c o n s i d e r  f e e d s t o c k s  i n  t h e  c r o s s -  
c o u n t r y  a n a l y s i s  i n  v iew o f  t h e  i m p o r t a n t  d i f f e r e n c e  i n  f eed -  
s t o c k  s t r u c t u r e s ,  and t h e  r o l e  f e e d s t o c k s  may p l a y  i n  t h e  
c h a r a c t e r i z a t i o n  o f  e a c h  c o u n t r y ' s  i n d u s t r y .  I t  i s  acknowl- 
edged t h a t  t h e  t r e n d s  i n  f e e d s t o c k  p r i c e s  had g i v e n  a n  ad- 
v a n t a g e  t o  t h e  USA by t h e  end of  t h e  1970s,  which w a s  r e f l e c t e d  
i n  an  i n c r e a s e  o f  US e x p o r t s .  S e v e r a l  f a c t o r s  ( d e r e g u l a t i o n  
o f  US g a s  p r i c e s ,  d o l l a r  exchange r a t e ,  etc.)  have e v e n t u a l l y  
a t t e n u a t e d  t h i s  a d v a n t a g e .  
I n  a d d i t i o n  t o  t h e  t r a d i t i o n a l  c e n t e r s  (Europe ,  J a p a n ,  
USA), t h e  ' e n e r g y  cr is i s '  gave a n  o p p o r t u n i t y  t o  c o u n t r i e s  
w i t h  a  p r i v i l e g e d  a c c e s s  t o  e n e r g y  p r o d u c t s  t o  have t h e i r  own 
p r o j e c t s  i n  p e t r o c h e m i c a l s .  T h i s  a p p l i e s  m a i n l y t o  two a r e a s ,  
t h e  P e r s i a n  Gulf  and Canada ( A l b e r t a ) ,  and  t o  t h e  e t h y l e n e  
p r o d u c t i o n  t h r o u g h  t h e  e t h a n e  c r a c k i n g  r o u t e .  The a p p a r i t i o n  
of  t h e  new c e n t e r s  w a s  made p o s s i b l e  by many f a c t o r s :  o i l  
p r i c e s  r a i s e d  p e t r o c h e m i c a l  c o s t s  more t h a n  t r a n s p o r t  c o s t s ,  
v a r i a b l e  c o s t s  a r e  s o  i m p o r t a n t  t h a t  t h e  s c a l e  f a c t o r  i s  n o t  
d e t e r m i n a n t  enough t o  p r e v e n t  g e o g r a p h i c a l  d e c e n t r a l i z a t i o n ,  
e t c .  E thane  c r a c k i n g  i s  f a v o r e d  because  it i s  t h e  c h e a p e s t  
p r o c e s s  i n  terms o f  c a p i t a l  c o s t s  and ene rgy  c o s t s .  The 
c a p a c i t i e s  a r e  e x p e c t e d  t o  be a round 3 m i l l i o n  t o n s  i n  e a c h  
o f  t h e  r e g i o n s  ( P e r s i a n  Gulf  and A l b e r t a )  by t h e  end  o f  t h e  
decade  (between one f o u r t h  and one t h i r d  of t h e  c u r r e n t  
European and US p r o d u c t i o n ) .  Moreover,  new p l a n s  are en- 
v i s a g e d  i n  o t h e r  wor ld  r e g i o n s ,  ma in ly  t o  c o v e r  d o m e s t i c  de- 
mand. I n  any case, t h i s  r e a l l o c a t i o n  i s  l i k e l y  t o  c u t  down 
e x p o r t  p o s s i b i l i t i e s  f o r  t h e  t r a d i t i o n a l  c e n t e r s ,  t h e  exact 
impact  of  t h i s  movement depend ing  on t h e  e v o l u t i o n  of  ene rgy  
p r i c e s .  The t r a d i t i o n a l  c e n t e r s  (and h e r e  p a r t i c u l a r l y  
Europe and J a p a n )  may, however,  n o t  be  t h r e a t e n e d  on a l l  
m a r k e t s ;  t h e  r a n g e  of  d e r i v a t i v e s  o f  e t h y l e n e  produced from 
e t h a n e  i s  more l i m i t e d  t h a n  t h a t  produced by n a p h t a  c r a c k i n g .  
I t  r ema ins  t h a t  t h e  c u r r e n t  s c e n a r i o s  a r e  based  s n  a reduc-  
t i o n  o f  market  s h a r e s  o f  t h e  t r a d i t i o n a l  c e n t e r s ,  which i s  
g o i n g  t o  r a i s e  problems o f  excess c a p a c i t i e s ,  which a l r e a d y  
e x i s t  i n  Europe and J a p a n .  
On e thy lene  a lone ,  Japan and Western Europe had an excess  
capac i ty  of 2 0 %  i n  1981-1982*, and t h e  USA had an excess  
c a p a c i t y  of 25-35% i n  t h e  same per iod .  The European c a p a c i t i e s  
had inc reased  i n  t h e  1970s, and decreased somewhat a t  t h e  
beginning o f  t h i s  decade (+39% between 1 9 7 4  and 1981, -18% be- 
tween 1983 and 1981).  For Japan t h e  c a p a c i t i e s  have n o t  
evolved s i n c e  1979  a f t e r  a  20% i n c r e a s e  between 1 9 7 4  and 1 9 7 9 ;  
t h e  US c a p a c i t i e s  increased  s t r o n g l y  between 1 9 7 4  and 1980 
(+52%) ,  and s t ayed  around t h e  1980 l e v e l ,  with some f l u c t u a -  
t i o n s ,  u n t i l  1983. On t h e  whole, t h e  excess  c a p a c i t i e s  have 
inc reased  i n  a l l  t h r e e  c e n t e r s ,  bu t  more f o r  Japan and Europe, 
where t h e y  a l r e a d y  e x i s t e d  a t  t h e  demand peaks of 1974 and 
1979 ( 2 0 %  excess  capac i ty  a g a i n s t  U t o  8% f o r  t h e  USA). 
DETERMINANTS OF ENERGY CONSUMPTION 
Since  no d e t a i l e d  a n a l y s i s  of t h e  energy consumption of 
t h e  s e c t o r  i s  p o s s i b l e ,  we have t r i e d  t o  i s o l a t e  a  few "bas i c"  
chemical p roducts ,  and t o  e s t i m a t e  t h e i r  sha re  i n  t h e  t o t a l  
energy consumption wi th  t h e  he lp  of energy c o e f f i c i e n t s  taken 
from engineer ing  s t u d i e s ,  and t o  e s t ima te  t h e  l i n k  between 
t o t a l  energy consumption and t h e  sha re  of t h e s e  products  i n  
t h e  s e c t o r .  This  fo l lows  t h e  same methodology a s  was used i n  
prev ious  case  s t u d i e s  15, 61.  
Primary products ,  such a s  e thy lene ,  propylene,  bu tad iene ,  
benzene, methanol, to luene ,  xylenes ,  ace ty l ene ,  carbon b lack ,  
soda,  c h l o r i n e ,  ammonia, a r e  considered a s  "bas i c"  products ;  
they have been chosen because: a )  t hey  a r e  t h e  most energy- 
i n t e n s i v e  products ,  b)  t h e r e  a r e  some s t u d i e s  17,  81 a v a i l a b l e  
which e s t ima ted  t h e i r  p o s s i b l e  s p e c i f i c  energy requirements ,  
and c )  they  minimize t h e  r i s k  of double counting.  One must 
bear  i n  mind t h a t  i n  t h i s  s e c t o r  j o i n t  product ion i s  charac- 
t e r i s t i c  of most p rocesses  and t h a t  t h e  e x i s t e n c e  of s e v e r a l  
' r o u t e s '  makes it d i f f i c u l t  t o  e s t i m a t e  t h e  s p e c t f i c  energy 
requirements  of a  product .  H e r e  t h e  r i s k  of double count ing 
i s  mini'mized, it i s  l i m i t e d  t o  t h e  c a s e s  of j o i n t  product ion 
of o l e f i n s  [ e thy lene ,  propylene,  bu tad iene ,  bu ty lene)  and 
a romat ics  (xy lenes ,  benzene, t o l u e n e ) .  The major primary pro- 
d u c t s  of petrochemicals  a r e  considered here :  o l e f i n s ,  a romat ics ,  
a c e t y l e n e ,  methanol, ammonia, and carbon b lack ,  and t h e  main 
b a s i c  products  of i no rgan ic  chemicals:  su lphur i c  a c i d ,  c a u s t i c  
soda,  c h l o r i n e  and f e r t i l i z e r s ,  t h e  l a t t e r  being taken n o t  f o r  
t h e i r  s p e c i f i c  energy in t ens iveness ,  b u t  because of t h e i r  i m -  
p o r t a n t  tonnage. 
The approach taken was t o  cons ider  t h e  most important  
chemical products  i n  terms of tonnage wi th  which energy in-  
t e n s i t i e s  could be a s s o c i a t e d ,  and n o t  t o  concen t r a t e  on a  
s p e c i f i c  s t a g e  of chemical processing.  A rough c l a s s i f i c a t i o n  
of p roducts  i s  given i n  Table 2 .  
*Source: OECD [I I .  
Table 2 .  Primary, in te rmediary ,  and f i n a l  p roduc ts  
Primary Intermediary F i n a l  
Ethylene 
Butadiene 
Butylene 
Acetylene 
Benzene 
Toluene 
Soda 
Ethylene oxide P l a s t i c s  
Vinyl c h l o r i d e  Su lphur i c  a c i d  
S tyrene  monomer F e r t i l i z e r s  
STRUCTURE OF THE INDUSTRY 
Despi te  t h e  s h o r t  t ime span f o r  which energy d a t a  a r e  
a v a i l a b l e ,  it i s  p o s s i b l e  t o  observe changes i n  t h e  s t r u c t u r e  
of t h e  chemical s e c t o r .  
F i r s t ,  it must be s t a t e d  t h a t  i f  a l l  of t h e  c o u n t r i e s  
considered here  produce n e a r l y  a l l  of t h e  commodities con- 
s i d e r e d ,  t hey  do no t  have t h e  same r e l a t i v e  s h a r e s  of a l l  pro- 
duc t s .  This  r e s u l t s  from t h e  p a r t i c u l a r  h i s t o r i c a l  development 
of  t h e  s e c t o r  i n  each count ry ,  and could a l s o  be t h e  conse- 
quence of t h e  feeds tock  s t r u c t u r e :  t h e  range of p roduc t s  ob- 
t a i n a b l e  from methane i s  n o t  a s  l a r g e  a s  t h a t  from o i l ,  and 
Europe has an oil-dominant feedstock s t r u c t u r e ,  a s  opposed t o  
t h e  USA, where gas  i s  dominant. 
Some produc ts  come from t h e  same c rack ing  ope ra t ion ,  and 
t h e r e f o r e  have l i nked  produc t ion ,  such a s  e t h y l e n e  and propy- 
l ene  (Table 3 ) .  
Table 3. Ra t io  of e thy lene  product ion t o  propylene produc t ion  
FRA FRG I T A  SPA SWE UK USA 
The r a t i o  i s  around 2 f o r  every count ry ,  bu t  t h e r e  a r e  
some v a r i a t i o n s  over  t i m e  (it drops a s  low a s  1 . 4  f o r  t h e  UK 
i n  1982) and a c r o s s  c o u n t r i e s  (Sweden has  a  h ighe r  r a t i o ,  
s y s t e m a t i c a l l y  over  2 ,  r i s i n g  a s  high a s  2.8,.  whereas t h e  UK 
has  a  low r a t i o ) .  
Such d i f f e r e n c e s  a r e  more important  f o r  o t h e r  p e t r o -  
chemicals (Table I ) ) .  Porudct ion f i g u r e s  of va r ious  commodities 
T a b l e  4. P r o d u c t i o n  r a t i o s  between p e t r o c h e m i c a l s  
F  RA FRG I TA SPA SWE UK* USA 
e t h y l e n e  77 7 .37  3 .07  7.62 7.35 3.67 5.13 2.01 
b u t a d i e n e  8 2  7 . 1 4  2 .31  5 .48  9 . 4 1  3.97 4.61 1 .65  
e t h y l e n e  7 7  127 .8  14.7 8 .6  12.6 55 .2  n .a .  6 1 . 4  
a c e t y l e n e  82  161 .8  1 4 . 1  23.9 175 .8  7 9 . 7  n.a .  80.0 
e t h y l e n e  7 7  0 . 9 2  1 .50  1.03 0.27 2.28 n .a .  0.86 
ammonia 8 2  1 . 1 1  1.68 0 .68  1 . 0 3  2 .47  n .a .  0.97 
e t h y l e n e  77  11 .05  9 . 9 1  8 . 9 1  5 . 7 1  9 . 9 0  5 .54  7.28 
c a r b n  black 82  10 .66  7 . 5 9  5.75 12.17 9.43 6.56 8.93 
e t h y l e n e  77  5 . 0 0  3.37 6 .08  4.33 31.90 n.a .  3.94  
methano l  8 2  5.36 3 .72  9.76 7 .48  157 .17  n . a .  3.40  
* s u r p r i s i n g l y ,  n o  d a t a  a r e  a v a i l a b l e  f o r  t h e  U . K .  
a r e  compared t o  t h o s e  o f  e t h y l e n e ,  t h e  main p e t r o c h e m i c a l  pro-  
d u c t ,  and  t h e y  a r e  e x p r e s s e d  a s  t h e  r a t i o  between e t h y l e n e  
p r o d u c t i o n  and t h e  p r o d u c t i o n  o f  t h e  commodity c o n s i d e r e d :  t h e  
l a r g e r  t h e  r a t i o ,  t h e  s m a l l e r  is  t h e  p r o d u c t i o n  o f  t h e  commodity 
compared t o  t h a t  o f  e t h y l e n e .  
One may p a r t i c u l a r l y  n o t i c e  t h e  d i f f e r e n c e  i n  t h e  r a t i o s  
between e t h y l e n e  p r o d u c t i o n  and t h e  p r o d u c t i o n  o f  l e s s  ene rgy-  
i n t e n s i v e  p r o d u c t s ,  s u c h  as ca rbon  b l a c k  and m e t h a n o l ,  o r  t h a t  
o f  a  more e n e r g y - i n t e n s i v e  p r o d u c t  t h a n  e t h y l e n e ,  s u c h  as 
a c t y l e n e .  
T h e r e  i s  n o  s i m p l e  compar ison  a c r o s s  c o u n t r i e s  c o n c e r n i n g  
t h e s e  r a t i o s .  D e s p i t e  h a v i n g  s imi lar  f e e d s t o c k  s t r u c t u r e s ,  
European c o u n t r i e s  may have i m p o r t a n t  d i f f e r e n c e s  i n  t h e  pro-  
d u c t i o n  r a t i o  ( b u t a d i e n e  o r  a c e t y l e n e ) .  The USA i s  g e n e r a l l y  
d i f f e r e n t  from Europe ,  and  S p a i n  and Sweden are s p e c i a l  cases 
c o n s i d e r i n g  t h e  s i z e  o f  t h e i r  i n d u s t r i e s .  Over t i m e  t h e r e  may 
be  i m p o r t a n t  changes  such  a s  t h e  s p e c t a c u l a r  d e c r e a s e  o f  t h e  
S p a n i s h  a c e t y l e n e  p r o d u c t i o n  r e l a t i v e  t o  e t h y l e n e  ( a s  w e l l  a s  
i n  a b s o l u t e  terms, see T a b l e  6 )  o r  t h e  d e c r e a s e  o f  t h e  Swedish 
me thano l  p r o d u c t i o n ,  o r  a t  l e a s t  n o t i c e a b l e  c h a n g e s ,  s u c h  a s  
t h e  d e c r e a s e  o f  t h e  a c e t y l e n e  p r o d u c t i o n  i n  F r a n c e ,  o f  c a r b o n  
b l a c k  i n  S p a i n ,  o f  me thano l  i n  I t a l y ,  o r  t h e  i n c r e a s e  o f  t h e  
c a r b o n  b l a c k  p r o d u c t i o n  i n  t h e  FRG, o f  b u t a d i e n e  i n  I t a l y  o r  i n  
t h e  USA. Thus,  i n  s p i t e  o f  t h e  s t r o n g  l i n k s  i n  p e t r o c h e m i c a l  
p r o d u c t i o n ,  t h e  p r o d u c t i o n  s t r u c t u r e  i s  n o t  a s  r i g i d  as t o  
f o r b i d  changes  i n  t h e  p r o d u c t  mix t h a t  c o u l d  i n f l u e n c e  t h e  
i n d u s t r i a l  e n e r g y  consumpt ion .  
I t  may t h e n  be m i s l e a d i n g  t o  t a k e  i n t o  a c c o u n t  o n l y  
e t h y l e n e  a s  a  p e t r o c h e m i c a l  p r o d u c t ;  i n d e e d ,  it would be  b e t t e r  
t o  expand t h e  l i s t  of p roduc t s  beyond t h o s e  t h a t  a r e  g e n e r a l l y  
looked a t  i n  s p e c i a l  s t u d i e s  such as t h e  OECD s t u d y  [ I ] .  
The dec rea se  of t h e  energy c o e f f i c i e n t  i s  f a r  from being 
g e n e r a l ;  f o r  France  w e  g e t  an  i n v e r t e d  U-curve w i th  a  growth 
u n t i l  1979, fo l lowed by a drop i n  1980 and s i n c e  then  s t a g -  
n a t i o n  around t h e  1977 l e v e l .  Sweden shows approximate ly  t h e  
same behavior  of i t s  c o e f f i c i e n t .  For o t h e r  c o u n t r i e s  t h e  
dec rea se  of t h e  c o e f f i c i e n t  i s  approximate ly  r e g u l a r ;  f o r  I t a l y  
it i s  - 4 %  p.a. and f o r  t h e  UK -2% p . a .  The FRG has  a  c o n s t a n t  
c o e f f i c i e n t  u n t i l  1979 and a s t e e p  d e c r e a s e  a f t e r  1980; Spain  
fol lowed t h e  same p a t t e r n  bu t  w i th  a smaller d e c r e a s e  a f t e r  
1980; t h e  US d e c r e a s e  was l i m i t e d  u n t i l  1980, when it apparen t -  
l y  a c c e l e r a t e d  ( t h e  energy f i g u r e  f o r  1982 i s  m i s s i n g ) .  A 
s imple  e x p l a n a t i o n  could l i e  i n  t h e  d i f f e r e n t i a l  growth o f  
d i f f e r e n t  s u b s e c t o r s  o f t h e  i n d u s t r y :  France  has g o t  a  f a s t e r  
growth of b a s i c  chemica l s  than  of o t h e r  chemical  p roduc t s  
(SIC 351 and SIC 352, r e s p e c t i v e l y ) ,  whereas t h i s  i s  t h e  
o p p o s i t e  f o r  o t h e r  c o u n t r i e s ,  and p a r t i c u l a r l y  f o r  I t a l y .  On 
t h e  whole, t h e  e v o l u t i o n  of t h e  energy c o e f f i c i e n t  i s  l i n k e d  
t o  t h e  d i f f e r e n t i a l  of growth between t h e  two s u b s e c t o r s .  
But even w i t h i n  t h e  b a s i c  chemicals  s e c t o r  (SIC 351) some 
d i f f e r e n c e s  may e x p l a i n  t h e  e v o l u t i o n  of t h e  ( agg rega t ed )  
energy c o e f f i c i e n t s  i n  Table 5. It appea r s  t h a t  France ex- 
p e r i e n c e s  a  l a r g e r  growth of ene rgy - in t ens ive  primary commodi- 
t i e s  than  t h e  o t h e r  c o u n t r i e s * :  t h i s  a p p l i e s  t o  e t h y l e n e ,  
p ropy lene ,  and bu tad iene .  I t a l y  shows t h e  o p p o s i t e  curve:  
p roduc t ion  of t h e s e  pe t rochemica l s  dec rea se s  s h a r p l y ,  propylene 
p roduc t ion  i s  c u t  by h a l f ,  e t h y l e n e  by 40%, even i n o r g a n i c  
b a s i c  p roduc t s  dec rea se .  The o t h e r  c o u n t r i e s  l i e  inbetween,  
wi th  a g e n e r a l  dec rea s ing  t r e n d ,  t h e  p roduc t  mix changing 
somewhat. Table  6 shows t h e  p roduc t ion  i n d i c e s  of  a  few com- 
m o d i t i e s ,  and i n d i c a t e s  growth o r  dec rea se  i n  a b s o l u t e  terms. 
The r e s u l t s  of t h i s  t a b l e  can be checked wi th  t hose  of Table  4 ,  
where t h e  p roduc t i on  f i g u r e s  a r e  compared t o  e t h y l e n e ,  showing 
t h e  r e l a t i v e  i n c r e a s e  o r  dec rea se  of p roduc t ion .  
To e s t i m a t e  more a c c u r a t e l y  changes due t o  p roduc t  mix, 
w e  w i l l  c a l c u l a t e  t h e  impact of t h e  most ene rgy - in t ens ive  pro- 
d u c t s  wi th  eng inee r ing  d a t a .  
So-ca l l ed  ' e n g i n e e r i n g  d a t a '  can be found i n  t h e  l i t e r a -  
t u r e  on energy economics. One may d i s t i n g u i s h  t h r e e  t y p e s  o f  
p u b l i c a t i o n s :  a)  books whose aim it i s  t o  p r e s e n t  an a n a l y s i s  
of t h e  energy consumption from an engineering p o i n t  of view, 
and which look i n t o  v a r i o u s  p roduc t s  and p roces se s  t o  i s o l a t e  
some energy c o e f f i c i e n t s  ( t h e s e  a r e  books l i k e  t h a t  o f  I .  
Boustead and G.F. Hancock [ 9 1 ) ;  b )  t h e r e  a r e  books which focus  
on t h e  i n d u s t r y  of  a p a r t i c u l a r  coun t ry  ( g e n e r a l l y  t h e  USA), 
and which g i v e  a  more complete a n a l y s i s  o f  t h e  r n d u s t r i a l  
*Except f o r  Spa in ,  whose pet rochemical  s e c t o r  i s  deve lop ing  
r a p i d l y .  
system (these are books such as that of Oak Ridge Associated 
Universities [ l o ] ) ;  and c) there are specific sectoral studies 
from an energy point of view, which are generally made by 
international organizations ( [ 1 , 7 , 8 ] ) .  All this literature 
gives energy coefficients on which our estimates are based 
(Table 7 )  . 
Table 5.  Energy coefficient in<ices* ( 1 9 7 7  = 1 0 0 )  
E R A  FRG ITA SPA S WE UK USA 
*Energy coefficients are calculated as the ratio of two in- 
dices, one for energy consumption (in physical units), and 
another for industrial production taken from UN statistics. 
Table 6.  Production indices of some commodities in 1 9 8 2  
( 1 9 7 7  = 1 0 0 )  
E R A  FRG ITA SPA SWE UK USA 
Ethylene 117  8 8 6 2 225  101 9 5  9 7 
Propylene 1 2 1  9 6 5 4 203  8 1 117  92  
Acetylene 92  92 2 2 16  70 n.a. 7 5 
Chlorine 1 0 3  10 1 72  98 8 8  85  8 6  
Ammonia 9 7 79  9 3 6 0 7 9 n.a. 86 
Table 7 .  Energy coefficients (GJ/t) 
Ethylene 60-80 Carbon black 15-30 
Propy lene 60-85 Sulphuric acid 0.5-10 
Butadiene 70-100 Soda 20-40 
Benzene 60-70 Chlorine 10-25 
Methanol 40-55 Ammonia 20-50 
Toluene 60-80 Fertilizers 5-1 0 
Xylenes 60-80 
Acetylene 70-100 
The c o e f f i c i e n t s  g e n e r a l l y  l i e  w i t h i n  a  na r row r a n g e * ,  
w i t h  t h e  e x c e p t i o n  o f  f e r t i l i z e r s ,  b u t  t h i s  depends  on whe the r  
t h e  f i g u r e s  refer t o  d i r e c t  o r  t o t a l  e n e r g y  r e q u i r e m e n t s .  The 
t o t a l  e n e r g y  r e q u i r e m e n t  f o r  f e r t i l i z e r s  i s  h i g h  b e c a u s e  o f  
t h e i r  raw m a t e r i a l  c o m p o s i t i o n  ( n i t r o g e n ,  ammonia) ,  whereas  
t h e  d i r e c t  e n e r g y  i n p u t  seems t o  b e  r a t h e r  low. 
When w e  t a k e  a n  a v e r a g e  v a l u e  a s  e n e r g y  c o e f f i c i e n t  and 
a p p l y  it t o  t h e  p r o d u c t i o n  f i g u r e s  o f  t h e  commodity c o n c e r n e d ,  
t h e  e s t i m a t e d  s h a r e  o f  b a s i c  p r o d u c t s  ( s )  i n  t o t a l  e n e r g y  con- 
sumpt ion  of  t h e  s e c t o r  i s  as g i v e n  i n  T a b l e  8**. 
Tab le  8.  S h a r e  o f  b a s i c  p r o d u c t s  i n  t o t a l  e n e r g y  consumpt ion  ($1 
FRA FRG I T A  SPA SWE UK USA 
The s h a r e  o f  t h e  UK is s u r p r i s i n g l y  low, p a r t l y  b e c a u s e  
t h e r e  a r e  no  p r o d u c t i o n  f i g u r e s  f o r  me thano l ,  x y l e n e s ,  s o d a ,  
and  ammonia. The US f i g u r e  i s  h i g h e r  t h a n  t h e  o t h e r s ,  b u t  t h i s  
may be  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  t o t a l  e n e r g y  consumpt ion  
f i g u r e  d o e s  n o t  come from t h e  same s o u r c e  a s  f o r  t h e  o t h e r  
c o u n t r i e s ,  b u t  i s  based  on t h e  US c e n s u s  of  m a n u f a c t u r e s ,  and 
may t h u s  be  u n d e r e s t i m a t e d  compared t o  t h e  a c t u a l  f i g u r e .  Fo r  
t h e  o t h e r  c o u n t r i e s  it a p p e a r s  t h a t  t h e  e s t i m a t e d  s h a r e  o f  
b a s i c  p r o d u c t s  i s  between 40 and 70% o f  t h e  t o t a l  e n e r g y  con- 
sumpt ion ,  and t h a t  t h e  p r o d u c t i o n  of t h e s e  few p r o d u c t s  h a s  
t h e r e f o r e  a  l a r g e  i m p a c t  on  t h e  e n e r g y  consumpt ion  of  t h e  
s e c t o r .  
Tab le  9 and  F i g u r e  1 show t h a t  t h e  e n e r g y  c o e f f i c i e n t  
( t b t a l  e n e r g y  consumpt ion /va lue  o f  o u t p u t )  and t h e  r e s t r i c t e d  
e n e r g y  c o e f f i c i e n t  ( e s t i m a t e d  e n e r g y  consumpt ion  of  t h e  che- 
m i c a l  p r o d u c t s  c h a i n  ( " s U / v a l u e  o f  0 u t p u t ) ) a r e  r e l a t e d .  I t  
may be  n o t e d  t h a t  t h e  p o s i t i o n  o f  two c o u n t r i e s  c o u l d  be 
c o r r e c t e d :  f i r s t ,  t h e  UK s h o u l d  be moved upwards,  s i n c e  " s "  
i s  c l e a r l y  u n d e r e s t i m a t e d ,  and second ,  t h e  US s h o u l d  be  moved 
t o  t h e  r i g h t ,  s i n c e  t h e  e n e r g y  consumpt ion  r e p o r t e d  i n  Dobl in  
[ 1 2 ]  i s  p r o b a b l y  u n d e r e s t i m a t e d .  F i g u r e  1 may b e  u s e d  t o  
+ D i f f e r e n c e s r g y  r e q u i r e m e n t s  may a l s o  r e s u l t  from t h e  
d i f f e r e n t  r o u t e s  used ,  a s  shown i n  t h e  ECE s t u d y :  ammonia 
p r o d u c t i o n  from n a t u r a l  g a s  r e q u i r e s  40 G J / t ,  and  90 G J / t  
from low g r a d e  c o a l .  
* * F i g u r e s  on  t o t a l e n e r -  consumpt ion  f o r  Europe a r e  t a k e n  from 
CEFIC [ I  1 1 ,  and from Dobl in  f o r  t h e  USA ( r e c o n s t r u c t i o n  o f  
t o t a l  e n e r g y  i n p u t s  based  on t h e  US c e n s u s  of  m a n u f a c t u r e )  
[121. 
i n t e r p r e t  t h e  s p e c i a l i z a t i o n  of each c o u n t r y ' s  chemical s e c t o r ;  
a  h igher  energy c o e f f i c i e n t  goes w i t h  a higher  sha re  of energy- 
i n t e n s i v e  commodities. Apart from t h e  USA and t h e  U K ,  t h e  
p o s i t i o n  of I t a l y  may a l s o  be explained by exchange r a t e  e f f e c t s ,  
and may be nea re r  t o  those  of t h e  o t h e r  European c o u n t r i e s  (FRG, 
F r a n c e ) ,  which a r e  more c l o s e l y  grouped toge the r .  
Table 9. Energy c o e f f i c i e n t s  ( in  t c e / 1 0 0 0  U S  $ )  
FRA FRG I T A  SPA SWE UK USA 
Energy c o e f f i c i e n t  
(enco) 0.92 0.84 1.4 1.33 0 .91  0.98 1.03 
sum/output* 
( S C O )  0.55 0.47 0.68 0.50 0 . 5 1  0.28 0.80 
*The "sum" is  t h e  e s t i m a t i o n  of t h e  energy consumption due t o  
t h e  product ion  of t h e  b a s i c  chemicals taken i n t o  account here .  
SPA 
Figure  1.  Energy c o e f f i c i e n t s  f o r  t h e  year  1 9 8 0  
The l i n k  between t h e  e n e r g y  c o e f f i c i e n t  and t h e  c o e f f i c i e n t  
d e f i n e d  a s  t h e  r a t i o  between t h e  consumpt ion  due t o  t h e  pro-  
d u c t i o n  o f  b a s i c  c h e m i c a l s  and t h e  t o t a l  o u t p u t  o f  t h e  s e c t o r  
( b o t h  c o e f f i c i e n t s  g i v e n  i n  (1970 = 100) i n d i c e s )  can  be  more 
p r e c i s e l y  d e t e r m i n e d .  With t h e  h e l p  o f  e c o n o m e t r i c  r e l a t i o n s  
we Lave t e s t e d  whether  there i s  a  r e l a t i o n s h i p  between t h e  
s e c t o r ' s  e n e r g y  demand ( e i t h e r  a s  such  o r  a s  a  c o e f f i c i e n t )  and 
t h e  e n e r g y  consumpt ion  due  t o  t h e  e n e r g y - i n t e n s i v e  commodit ies .  
T i m e  t r e n d s  a r e  a l s o  i n t r o d u c e d  a s  v a r i a b l e s ,  e x p r e s s i n g  a  
d e c r e a s e  n o t  l i n k e d  t o  t h e  p r o d u c t i o n  of  t h e  commodit ies  
mentioned above.  For  t h e  poo led  sample of t h e  s e v e n  c o u n t r i e s  
t h i s  g i v e s  f o r  t h e  p e r i o d  of  1977-1982: 
( 1 )  enco  = 32.9 + 0.69 s c o  - 2.47 t 2 4 6  - 1.03  t l  - 1.47 t 7  
(7 .2 )  (14 .7)  (-12.0) ( -3.3)  ( -8.5)  
R2 = 0.99 ze2 = 5611 ' 
The t ' s  r e f e r  t o  t i m e  t r e n d s  f o r  e a c h  countr:r, t h e  numbers 
r e f e r  t o  the c o u n t r i e s :  1  f o r  F r a n c e ,  2  f o r  t h e  FRG, 3  f o r  
I t a l y ,  4 f o r  S p a i n ,  5 f o r  Sweden, 6  f o r  t h e  UK, and 7 f o r  t h e  
USA. 
The i n t r o d u c t i o n  of s c o  g i v e s  a  b e t t e r  r e g r e s s i o n  t h a n  
s imply  u s i n g  t i m e  t r e n d s .  
( 2 )  enco  = 103.2 - 2.7 t 2 6 7  - 3.62 t 3  - 1.9u t 4  
(106.8) ( -9 .0)  ( -7.3)  (-3.0) 
R~ = 0.99 ze2 = 16170 
The time t r e n d s  a r e  f u r t h e r m o r e  d i f f e r e n t  t h e m s e l v e s ;  
e .g .  t h e  d e c l i n e  of  t h e  I t a l i a n  c o e f f i c i e n t  i s  e n t i r e l y  due t o  
t h e  d e c l i n e  of  t h e  s h a r e  o f  t h e  chosen  p r o d u c t s  i n  t o t a l  e n e r g y  
consumpt ion*,  and  t h e  t i m e  t r e n d  i n  e q u a t i o n  ( 2 )  d i s a p p e a r s  i n  
e q u a t i o n  ( 1 )  when s c o  i s  i n t r o d u c e d .  The o p p o s i t e  c o u l d  be  
s a i d  f o r  F rance :  t h e  a p p a r e n t  s t e a d i n e s s  of t h e  e n e r g y  co- 
e f f i c i e n t  i s  e n t i r e l y  due  t o  t h e  p r o d u c t i o n  of t h e  ene rgy-  
i n t e n s i v e  p r o d u c t s .  
The same a p p l i e s  when w e  use  t o t a l  e n e r g y  i n p u t s  i n s t e a d  
of  c o e f f i c i e n t s  ( e q u a t i o n s  ( 3 )  and ( 4 ) ) .  
( 3 )  e = 12.6 + 0.74 s + 0.16 i n g  - 1.54 t 1 7  - 2.5 t 2 4 6  
( 2 )  (15 .9)  (2 .5 )  (-6.U) (-11.4)  
R2 = 0.99 ze2 = 6574 
*See F i g u r e  1 ,  which m a n i f e s t s  a  h i g h e r  d e g r e e  of  s p e c i a l i z a t i o n  
on o u r  sample of  p r o d u c t s .  
It can be seen that the determination of energy inputs 
is better when we take into account the impact of the produc- 
tion of the energy-intensive products than when we-simply re- 
late the energy consumption to an index of activity (ing) as 
is shown in equations (5) and (6). 
(5) e = -3.8 + 1.07 ing - 3.3 t237 - 2.2 t46 
(-0.3) (9.6) (-8.2) (-4.7) 
R2 = 0.99 ze2 = 20740 
(6) e = 1.03 ing - 3.2 t237 - 2.3 t46 
(99.2) (-9.2) (-4.9) 
R2 = 0.99 ze2 = 20802 
Since some products were missing for the United Kingdom, 
the values of s and sco for this country are underestimated. 
If we drop the UK from the sample, one can see that the ad- 
vantage of our approach is not altered: 
UK Excluded 
(1') enco = 30.4 + 0.72 sco - 1.11 dtl - 2.44 t24 - 1.74 dt7 
(6.5) (14.8) (-3.5) (-10.8) (-8.4) 
R2 = 0.99 ze2 = 4633 
(2') enco = 103.6 - 2.18 t27 - 3.68 dt3 -1.99 dt4 
(97.8) (-8.3) (-7.0) (-2.9) 
R2 = 0.99 ze2 = 15621.8 
(4') e = 12.7 + 0.76 s + 0.13 ing - 1.56 t17 - 2.51 t24 
(1.8) (15.9) (1.99) (-6.09) (-9.73) 
2 R = 0.99 ze2 = 5384 
(5') e = -4.4 + l.0E ing - 3.u t237 - 2.3 dt4 
(0.3) (8.3) (-7.4) (-2.8) 
2 R = 0.99 1e2 = 19729 
(6') e = 1.04 ing - 3.3 t237 - 2.2 dt4 
(90.0) (-8.6) (-2.9) 
2 R = 0.99 ze2 = 19799 
The energy consumption of the whole chemical sector is 
then heavily dependent on the production of a few energy- 
intensive basic chemicals, and it may be correct to assume 
that a relocation of the world's petrochemical industry, which 
greatly reduces the production of the traditional centers, 
will change the consumption pattern of the sector. A per- 
manent relocation of heavy activities away from Europe or 
Japan, and a specialization of these centers on fine chemicals, 
or more generally in processed products, is likely to lower 
the energy consumption considerably. This trend has already 
been observed for the USA [I:], where chemical imports are 
rising, mainly because of a higner import demand of basic 
(energy-intensive) chemicals, generating energy 'savings' of 
about 5%.  An estimation of the possible savings due to a re- 
duction of basic chemical production should also take into 
account the effect of housekeeping measures (which, according 
to OECD, may save up to 15% energy, and these effects are 
clearly within our trend estimates of 1.5 to 3% per year), as 
well as the effect of excess capacity and plant closures. 
The use of engineering data could be extended to long- 
term forecasting of energy consumption; making assumptions on 
the production of a few energy-intensive commodities would help 
to deduce associated energy demand and, subsequently, the 
sectoral energy consumption. 
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